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From about 1950, doctors in Switzerland were
becoming aware that the pattern of renal disease was
changing. In 1953, SpUhler and Zollinger described
44 cases of chronic interstitial nephritis [1]. Papillary
necrosis was observed in 22 cases, and it was noted
that many of the patients had taken antibiotics and/or
an analgesic containing phenacetin. Subsequently, it
became clear that a pathologic entity of chronic
interstitial nephritis with papillary necrosis was asso-
ciated with long-standing abuse of analgesics [2, 3].
Spuhler and Zollinger's necropsy cases had bilateral
contracted kidneys with surfaces presenting exten-
sive areas of atrophy with some intervening nodular
areas. Although the papillary necrosis was thought to
be ischemic in origin, Gloor [4], as early as 1960,
pointed to some special features of this lesion and
suggested that papillary changes preceded the chron-
ic interstitial nephritis. Reported from Switzerland
were many cases, commonly linked with the con-
sumption of a mixture of phenacetin, caffeine, iso-
propyl-antipyrine, and pyrithildion. It then became
apparent that this form of kidney disease, which was
associated with the phenacetin in the mixtures taken,
was common in Scandinavia [5], where a popular
mixture contained phenacetin, caffeine, and phena-
zone (antipyrine) [6]. In 1957, Schourup made a clear
distinction between the classical acute type of papil-
lary necrosis, seen with diabetes or obstruction and
infection, and the new chronic and insidious form
associated with analgesic abuse [7]. With the excep-
tion of Gloor, European pathologists tended to
believe that the papillary necrosis resulted from
compression of vasa recta in the outer medulla, as an
expression of a cortical and outer medullary inflam-
matory process. It was recognized, however, that
urinary tract infection, though common, was often a
late development or might not occur at all [8].
In the Medical Journal of Australia of October
6th, 1962, three papers appeared [9—il], from which
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it was clear that analgesic nephropathy was common
in Australia. In reviewing the 1,350 necropsies
reported from Sydney Hospital for a three-year peri-
od (1954 through 1956), Jacobs and Morris [9] found
50 cases of papillary necrosis. There was a history of
analgesic abuse in 48 of the cases, and in 42 of these
cases neither diabetes nor obstruction was present.
The analgesics abused in Australia were mixtures of
phenacetin and aspirin with caffeine or, less com-
monly, codeine. Infection appeared to have been
present terminally in most of Jacobs and Morris's
cases, although no urinary symptoms had been
recorded prior to death in 18 cases. The kidneys
were contracted with granular surfaces, the cortex
was thinned, and papillae were variously fibrosed,
pale, pitted, sloughed, or necrotic. Necrotic papillae
were yellow, brown, black, or green. Two prominent
pharmacologists contested the assumption that the
pathologic findings resulted from analgesic abuse.
Later in the same year, Inglis [12], in a letter to the
editor of the Medical Journal of Australia, indicated
that the condition was common in Brisbane, Queens-
land. He pointed out that papillary changes, which
he attributed to compression of vessels by an aseptic
interstitial inflammation of the medulla, could ante-
date any cortical change. He therefore suggested that
the cortical changes were an obstructive atrophy. He
also drew attention to the frequent occurrence of
calcification and bone formation in necrotic papillae.
Published in 1966, a study from Melbourne [13]
confirmed the frequent association of analgesic
nephropathy with peptic ulceration, described the
clinical and radiological picture, and suggested that
chronic interstitial nephritis was a consequence of
papillary necrosis. Urinary tract infection was not
important in the progression of the disease. Later in
the same year, the results were published of a pro-
spective study carried out at one hospital in Brisbane
through 1964 [141. In 507 adult necropsies, there
were 42 cases with severe papillary damage, and 19
deaths were attributable to analgesic nephropathy.
In a more detailed study of this material, three stages
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of papillary necrosis, early, intermediate and total,
were defined in the progression of analgesic nephro-
pathy [15]. Cortical atrophy was seen only in associ-
ation with total papillary necrosis. The correlation of
epidemiologic figures with necropsy findings suggest-
ed that an unexpected reversal of a long-continuing
decline in the death rate for infections of the kidney,
apparent from around 1958 in Australia, was the
result of the emergence of analgesic nephropathy as
a major cause of renal deaths in the Australian com-
munity [161. it was clear that the disease was much
more common in women, and that fefal cases were
much more frequent in the hotter states of Queens-
land and New South Wales than in Victoria. In a
study in Melbourne in 1968 [17], papillary necrosis
of the analgesic type was seen in 36 of 641 hospital
necropsies and in 15 of 538 coroners' necropsies.
The highest incidence was found in the summer
months. In a similar study in Brisbane conducted
three years later [18], 66 cases of intermediate or
total papillary necrosis were seen in 726 hospital
necropsies and 42 cases in 861 coroners' necropsies.
Although this confirmed previous suggestions of a
particularly high incidence in Brisbane, evidence of a
decline in death rates from analgesic nephropathy
was presented. Despite great advances in its recogni-
tion and treatment, the disease continues to be com-
mon throughout Australia.
Although there has been spirited controversy in
Australia, as elsewhere, about the pathogenesis and
etiology of analgesic nephropathy, there is little dis-
pute about the pathologic findings.
Pathological changes in analgesic nephropathy
Early changes. Early changes are confined to the
inner medulla; the outer medulla and cortex are nor-
mal, both macroscopically and microscopically.
Macroscopically, a yellowish discoloration of the
papilla is seen (Fig. la), which on close inspection
consists of a series of lines radiating up the pyramid
from the tip of the papilla, separated by darker areas.
The process may be confined to the papillary tip or
may extend through the entire papilla. Microscopi-
cally, pathologic changes are patchy, but careful
study shows that they are concentrated around
groups of collecting ducts of varying number. In
these areas there is necrosis of interstitial cells, loops
of Henle, and capillaries (Fig. 2a). Some cells, usual-
ly towards the cortical limit of the lesion, show
degenerative changes with detachment from the
basement membrane, shrinkage, and nuclear pyk-
nosis. Fine granules of calcium, which may be pres-
ent in the interstitium also, are present inside base-
ment membrane of affected limbs of Henle and
within the cytoplasm of degenerating cells (Fig. 2c).
The matrix in affected regions appears swollen and
stains more heavily with PAS than normal matrix
does. PAS stains also demonstrate marked thicken-
ing of basement membrane of limbs of Henle (Fig.
2b), sometimes with reduplication. The collecting
ducts running through these areas of necrosis show
remarkably little change, although there may be
slight dysplasia and some basement membrane thick-
ening. Between areas of necrosis, the matrix appears
looser, and stains normally. The main structures
here are some limbs of Henle and groups of vasa
recta. The alternation of necrotic and spared areas is
well demonstrated by fat stains of frozen sections.
Combination of longitudinal (Fig. 2e) and transverse
sections (Fig. 2f) enable the lesion to be visualized as
extending from the papilla in a series of columns
(Fig. 2d). Examination of frozen sections under
polarized light shows, in many cases, large numbers
of needle-shaped crystals concentrated in the areas
of necrosis.
Intermediate necrosis. The yellow areas of the
early lesion have extended throughout the papilla to
reach the junction of inner and outer medulla (Fig.
ib). The color change has become almost confluent,
although thin vascular streaks may be seen. Cortex
and outer medulla still appear normal macroscopical-
ly, and no notable abnormality is seen microscopical-
ly in the cortex. Microscopically, towards the tip of
the papilla all elements are necrotic apart from col-
lecting ducts and occasional vasa recta. Extending
upwards towards the outer medulla the pattern of
injury may resemble that noted in the early lesion.
Lipids are abundant, PAS staining of matrix and of
basement membranes is heavy, and calcium deposits
may be prominent, especially at the upper limit of the
lesion where cell necrosis is incomplete. The process
may extend into the outer medulla as sclerosis
around surviving collecting ducts, with survival of
elements around vascular bundles.
Advanced changes. Papillary necrosis tends to
become total, either as a cap, crescentic in section,
over the tip, or extending up the center of the papilla.
Small necrotic fragments may crumble away and the
raw area may reepithelialize. Central necrosis may
lead to formation of quite large cavities, epithelial-
ized by collecting duct-type epithelium. In other cas-
es the entire papilla may become detached and pass
down the ureter or remain in the expanded calyx
(sometimes, if infection supervenes, forming a nidus
for stone formation). Incomplete detachment may
leave lateral clefts, or a small dark fragment may
remain attached to the papillary stump. The necrotic
papilla tends to change from a yellow to a brown
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Fig. 1. Papillary necrosis: Macroscopic appearances. a) Early necrosis. Yellow streaks radiate from papillary
tip. b) Intermediate necrosis. Discoloration extends throughout inner medulla and involves outer medulla.
The striated character is still apparent. Cortex is of normal thickness. c) Necrosis of papilla in situ. The upper
limit of necrosis is defined by a paler zone. Cortex is diffusely thinned. d) Papillary necrosis with detach-
ment. A thin band of sclerosis borders the line of sequestration. The cortex is not significantly thinned.
b
d
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Fig. 2. Papillary necrosis: Microscopic appearances. a) Early necrosis. Necrosis around a group of intact collecting
ducts includes capillaries, ascending limbs, and interstitial cells. Surrounding elements are intact. (Haematoxylin and
eosin stain, x 90.) b) Early necrosis. Similar field to (a), this section is stained by PAS to show basement membrane
thickening and enhanced staining of matrix. (PAS, x 90.) c) Early necrosis. Fine granules of calcium are in and around
necrotic ascending limbs and capillaries. Intact collecting ducts are shown. (Von Kossa, X 175.) d) Early necrosis.
Neutral fat is deposited around a group of collecting ducts and in necrotic ascending limbs and capillaries. (Oil Red 0,
x 175.) e) Early necrosis. Cryostat section is stained by Oil Red 0 to show columns of lipid deposition defining areas
of tissue injury. (Oil Red 0, x 4.) t) Early necrosis. This is the same case as (e). Transverse section through papilla
shows columns of necrosis. (Oil Red 0, x 70.) (Originals reduced by 12%.)
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color. Where the majority of the papilla has been
detached, the appearances above the line of seqi!es-
tration are variable. There may be a broad band of
marked sclerosis or a narrower, less distinct one
(Fig. id). In a high proportion of cases seen in Bris-
bane, the inner medulla, although extensively
necrotic, remains attached to the outer medulla (Fig.
ic). Microscopically, occasional vessels cross the
demarcation line, and one or two surviving collecting
ducts riay be found. As collecting duct epithelium
undergoes necrosis it may be separated from base-
ment membrane by an ingrowth of collagenous tissue
which, in some cases, subsequently becomes a
matrix for bone formation. Shrinkage of necrotic
papillae remaining in situ may, with time, become
extreme. Even when most of the inner medulla is
necrotic the change tends to be less advanced at the
margins of the papila towards the fornix where some
collecting ducts may remain viable. The lipid seen in
early and intermediate necrosis may disappear, as
may enhanced PAS-staining of matrix. Calcium may
be scanty except at the upper limit of the necrotic
zone. In the outer medulla, a band of fibrosis may be
seen above and parallel to the limit of necrosis. Loss
of loops of Henle and other elements may be noted
with fibrosis, some round cell infiltration, and dimi-
nution in numbers of vessels.
Cortical changes are very variable, although a fair-
ly consistent pattern is recognized. Typically, there
is extensive cortical thinning. The surface is dark and
smooth, and the capsule can usually be detached
readily. In the earlier stages of atrophy, there are
depressed areas separated by areas of normal or
hypertrophied cortex. In time, most of the cortex is
atrophic, but narrow bars or ridges remain. They are
seen on careful sectioning to correspond to columns
of Bertin. Histologically, atrophy of cortex is seen to
progress from edema and sparse round cell infiltra-
tion around medullary rays to progressively increas-
ing tubular atrophy. Lipofuscin may be prominent in
atrophying cells. Glomeruli are approximated by
tubular shrinkage. At first, they remain intact, but
later they become hyalinized. Arteries show increas-
ing obliterative change. In the surviving bars, there is
tubular hypertrophy, but some increase in interstitial
tissue and cells may be present. These surviving
nephrons appear to find drainage either through
ducts opening into a reepithelialized stump or into
the calyx in the region of the fornix.
Progression of changes. It must be stressed that
cortical changes are found only where there are areas
of total papillary necrosis including collecting ducts.
If necrotic papillae remain in situ, there is marked
sclerosis above the line of separation, and cortical
atrophy tends to be marked. On the other hand,
separation of papillae with little reaction above the
line of sequestration may be associated with minimal
cortical changes. In such cases, however, the tissue
above the line of separation always shows qualita-
tively similar changes to those seen in the developing
papillary lesion.
Papillary changes commence at the tip of the papil-
la and beneath the papillary surface epithelium, and
extend slowly upward through the medulla.
Supervening infection probably accelerates papil-
lary shedding and increases the tissue reaction above
the line of separation. It may also superimpose focal
cortical scarring on the developing diffuse atrophy.
Changes in pelvis and ureter. The association
between analgesic abuse and transitional cell carci-
noma of the renal pelvis and ureter has been well
established, especially in Sweden [19]. In a recent
study in Sydney [201, 15 of 31 patients with primary
carcinoma of renal pelvis and ureter had consumed
over 5 kg of compound analgesics. In all cases the
preparations had contained aspirin and phenacetin.
The tumors could not be shown to differ in any way
pathologically from tumors not associated with anal-
gesic consumption.
Apart from epithelial tumors, we have observed
other changes in the walls of pelvis and ureter,
including thickening of the walls of capillaries and
sclerosis in the lamina propria. Similar changes with
fat deposition and alteration of collagen were report-
ed by Munck, Lindlar, and Masshoff [21], and
recently, an essentially similar appearance has been
reported in the bladder around the ureteric orifice
[22].
Discussion
Current concepts of medullary function are based
on a "central core" model, with vascular bundles
surrounded by descending limbs of Henle's ioop, and
in turn by ascending limbs and collecting ducts [23,
24]. Reversal of arrangement will fulfill the same
functional requirements [241. Concentration of urine
is believed to be powered by recycling of sodium in
the outer medulla. This process is, in turn, effected
by passive diffusion of urea in high concentration as
a result of selective permeability. Maximal concen-
tration is achieved in the areas around collecting
ducts, and water extracted is removed in the vascu-
lar bundles. It is in these areas of maximal concentra-
tion around collecting ducts that necrosis in analgesic
nephropathy first occurs. Elements destroyed
include interstitial cells, now believed to elaborate
prostaglandins, ascending limbs of Henle, and the
capillary plexus. Lesions in vasa recta are not
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demonstrable at this stage. Collecting ducts which
drain a number of cortical nephrons survive in the
center of a zone of necrosis. The source of energy to
sustain collecting duct epithelium is not obvious.
Lipid accumulation in early lesions may be a prod-
uct of sublethal cell injury [251, and may result also
from interstitial cell necrosis [261. Calcium accumu-
lating within and around degenerating cells, especial-
ly of ascending limbs of Henle, appears similarly to
be a marker of cell injury [27]. In unfixed kidneys, it
is responsible for the pale striations often seen at the
advancing upper edge of the lesion. While accentuat-
ed PAS-staining of basement membrane could reflect
tubular atrophy, increased PAS-staining of matrix
appears to result from a direct chemical injury, as it
is not seen in other forms of papillary necrosis. At
one time, we thought that the crystals commonly
seen in early and intermediate necrosis might be the
chemical agent responsible for the injury and that
they were "trapped" by the countercurrent mecha-
nism. In this event, analgesic nephropathy could
have been essentially similar in nature to the renal
disease seen in the Uunn rat [28]. (This animal,
lacking ability to conjugate bilirubin, suffers a spon-
taneous papillary necrosis as unconjugated bilirubin
accumulates in the papilla, and cortical atrophy
develops when papillary necrosis becomes total.)
Further investigation has confirmed the observations
of others that the crystals are cholesterol esters. A
high content of arachidonate has been recorded [21].
Pigmentation of papillae, noted by the same group
[21] to be present also in pelvis and ureteric mucosa,
is now an infrequent finding, although formerly com-
mon. This change may be attributable to the disap-
pearance of phenacetin from analgesic mixtures sold
in Australia.
More recent experience suggests that pyelonephri-
tis is now a much less common complication of
analgesic nephropathy than it was 10 to 15 years ago.
No doubt this is due to the great improvements in
diagnosis and management of renal disease, for even
in the earlier stages of analgesic nephropathy, intra-
renal obstruction is present.
The observation that papillary changes may be
found without cortical lesions makes equally untena-
ble views that cortical injury antecedes papillary
necrosis, or that cortical and medullary lesions
develop concurrently.
Although it has been suggested that cortical atro-
phy may be dependent upon interruption of loops of
Henle, this seems unlikely as the brunt of cortical
injury would be borne by the juxtamedullary zone
from which arise the long ioops which traverse the
inner medulla. In fact, it is only when the collecting
ducts themselves are destroyed or interrupted that
the cortical changes of "chronic interstitial nephri-
tis" appear. These changes, which are nonspecific,
are also seen with experimental and human obstruc-
tive nephropathy. Survival of areas of cortex over
columns of Bertin is due to the fact that papillary
necrosis is frequently most severe in the center of
papillae.
Summary
Analgesic nephropathy was first studied in Switz-
erland and Scandinavia, and most observers thought
that papillary necrosis, a feature of the pathology,
was the result of chronic interstitial nephritis, the
other principal feature. From 1962, reports indicated
a high incidence of analgesic nephropathy in Austral-
ia and suggested that papillary changes preceded
cortical damage. Later, associated uroepithelial car-
cinoma was noted. Early papillary lesions consist of
necrosis of elements around groups of collecting
ducts. Necrosis extends upward through the medulla
from the papilla and gradually intensifies to total
papillary destruction. Fat and calcium accumulation
and changes in matrix mucopolysaccharide are
markers of papillary injury. Cortical atrophy is
dependent upon collecting duct obstruction and is
proportional to the degree of obstruction. Infection
may complicate late pathologic changes. It is sug-
gested that in the early stages the disease represents
an injury to "concentrating columns" in the medulla.
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